Thirty-four years ago when I began to work on the nature of elevated arterial pressure the problem seemed simple. There were a number of maladies in which arterial pressure was raised. Physiological analysis, in which I had been splendidly trained, would reveal what was the basic fault in each. And so I set to work. Now I know the answer in only one of these diseases, phaeochromocytoma. I have learned a great deal about the natural history of the disorders, their differential diagnosis, and the way in which certain symptoms are produced. And on the way Prinzmetal and I (1938) rediscovered renin, buried for forty years since Tigerstedt and Bergman (1898) had described it.
The elusiveness of the basic fault in hypertension made me wonder if indeed there was one. The evidence, that the retinopathy of the malignant phase (Pickering, 1934) and the arteriolar lesion responsible for it (Wilson and Pickering, 1938) were due not simply to elevated arterial pressure but to the degree of hypertension, began to make me think in quantitative terms. This was reinforced by the family studies (Hamilton et al., 1954a (Hamilton et al., , 1954b . The more I thought about this the more it became clear to me that people of my generation were failing to get answers because we were asking nonsensical questions. We were treating a quantity, arterial pressure, as if it were a quality with two alternative attributes, good and bad.
The qualitative approach is still very much a habit of mind of all who have had a medical education. It stems from the emphasis on diagnosis and the vital question, Has the patient a disease or not ? And so characteristics associated with " disease" tend to be divided into normal and abnormal, physiological and pathological, good and bad. Medicine in fact can count up to two. Elevated arterial pressure is no exception. Blood-pressure is classed as normal or abnormal, normotension or hypertension. Those with hypertension have the disease, those with normotension have not. Committee after committee deliberates on the dividing-line. W.H.O. makes pronouncements. But the arterial pressure fluctuates, and it tends to rise with age. So the disease is thought to go through a series of stages-prehypertension, intermittent hypertension, labile hypertension, and fixed hypertension-according to whether the pressure seldom reaches, sometimes reaches, sometimes falls below, or never falls below the dividing-line according to the doctor's readings. We now know that there is no dividing-line. To create one is nothing more or less than to create an artifact, and the resulting classification is nothing more than a set of secondary artifacts.
Science The condition we are considering here was originally regarded as Bright's disease, which a century ago was probably the commonest cause of a greatly elevated arterial pressure and its consequences. Its identity was recognized pathologically by Gull and Sutton (1872) , who termed it " arteriocapillary fibrosis," and clinically by Mahomed (1881), who termed it "chronic Bright's disease without albuminuria." It was separated from Bright's disease by Huchard (1889), who termed it " presclerosis," by von Basch (1893) , who termed it "latent arteriosclerosis," and by Allbutt, who eventually gave it its most correct name of classical origin-" hyperpiesis." Allbutt's term was preceded by Frank's (1911) "essentielle hypertonia," a little oddly translated as essential hypertension, by which name it is most commonly known. In 1915 Allbutt wrote: " Thus gradually I became convinced that cases, such as we are considering, must be divided, first, into Bright's Disease . . . secondly, into the class to which soon afterwards I gave the name Hyperpiesis, a malady in which at or towards middle life blood pressures rise excessively, a malady having a course of its own and deserving the name of a disease; and thirdly, into at least one other class of arterial degeneration, one not typically associated with rise of blood pressure, a class in which, indeed, the blood pressure does not exceed, or scarcely exceeds, the rise common to almost all persons in later life; a series of which the course, symptoms and issues are altogether different." Allbutt's classification and his description of the disease stand, though I would prefer Councilman's and Osler's term of "nodular arteriosclerosis " to Allbutt's " decrescent arteriosclerosis," which he gave to the third category.
Quantitative Approach
As Allbutt states, this is a disease in which at or toward middle life blood-pressure rises excessively and in which single specific maladies can be excluded. The clinical manifestations are largely to be traced to heart and blood-vessels. If arterial pressure and disease of heart and blood-vessels are related, then three explanations are possible: (a) that vascular disease causes elevated arterial pressure, (b) that elevated arterial pressure causes vascular disease, (c) that both are due to a common cause, " hypertensive disease." The third explanation has not the merit of a scientific theory. It can never be refuted. Unless, therefore, some unequivocal evidence for it turns up (and I sought it for 25 years) it may be omitted from consideration. The second theory is the easiest to refute. (b) Heart failure: a common event in untreated hypertension. The higher the pressure the more likely that its reduction will cure and prevent heart failure.
3. Arterial pressure is a smaller factor in nodular arteriosclerosis, a disease producing narrowing and ultimately occlusion of large arteries, the chief cause of myocardial infarction and of carotid artery narrowing and occlusion, and thus a cause of cerebral infarction. pressure is the resultant of a large number of factors-the diameter and length of the various classes of arteries and arterioles, the elasticity of their walls, blood viscosity, and cardiac output-and is influenced by the activity of the brain, the proprioceptive cardiovascular reflexes, the secretions of the various endocrine glands and of the kidneys, the electrolyte composition of the blood, the production and distribution of tissue vasodilator substances, and probably other factors of which we are aware only dimly, or not at all.
Diurnal Variation
The extent to which arterial pressure varies during the day has hitherto not been appreciated, though in fact the data were obtained by earlier workers (see Pickering, 1955 
Casual and Basal Pressures
It has long been recognized that casual pressures vary and, since Ayman and Goldshine's (1943) demonstration, that the physician is a major determinant. Smirk followed Add's (1922) in the search for a more constant value, akin to the basal metabolic rate. He has produced a series of refinements-early morning, fasting, a sedative, a dark room, familiarity with the physician, soothing talk (see Smirk, 1957) . These rather limit usefulness. Dr. Richardson compared basal pressures, by an earlier method of Alam and Smirk (1943) , and casual pressures, all taken by himself, with diurnal variability (Fig. 4) Fallacy of the Dividing-line Between " Normotension " and "Hypertension."-That in the sixth decade over half the population appears to be " abnormal " should at least raise a doubt in the mind whether we are not, intellectually speaking, being led up the garden path. This doubt is fortified by reflecting that it is an elementary fallacy to suppose that one can adequately describe numbers in terms of kind. That the dividing-line is an artifact is revealed by the following facts:
(1) There is no natural dividing-line in the frequency distribution curves (see also Pickering, 1955) . (2) expected deaths increased faster for the cardiovascular renal diseases than for all causes. In the group with the highest blood-pressures included in this experience-and these are not considered seriously high by many clinicians-the mortality from cardiovascular-renal disease was nearly 4i times the average for all standard risks."
This relation between arterial pressure and subsequent mortality from cardiovascular-renal disease is shown in Table  III . Cardiovascular-renal disease related to arterial pressure is chiefly represented by the disease being considered here, hyperpiesis or essential hypertension. So that we see, again, the probability that this will develop is quantitatively related to arterial pressure at first examination. Insurance companies have no large body of data for patients with " hypertension." Bechgaard's data from his 1,000 cases of essential hypertension followed for 10 and then for 20 years (Bechgaard, Kopp, and Nielsen, 1956) Hyperpiesis-Pickenng
Hyperpiesis-Pickering
Outcome in Individual Organs
As we shall see, the commonest causes of death in this disease are from heart disease and vascular disease in the benign phase and from renal failure in the malignant phase. Fig. 9 around 160/110, at which it remained for nine years, when he died suddenly of a cerebral haemorrhage. The arterioles of the kidney and of the suprarenal on the right side, removed at operation, both showed gross fibrinoid necrosis, the lumen being almost obliterated.
I quote these cases because a great deal of time and energy has been wasted in trying to define the onset and early symptoms of the disease. Mostly the search resolves itself into trying to find at what age the arterial pressure became abnormal-for example, Benedict (1956)-ignoring the artifactual nature of the dividing-line and the huge diurnal variations in pressure. An impartial search yields the information that the early stages are iatrogenous-the symptoms are those of a psychoneurosis produced by the physician who has found an elevated pressure and informed the patient that the "grim label " is applied (Ayman and Pratt, 1931 ; Stewart, 1953) .
In the absence of other maladies and with the smaller degrees of elevated pressure, there are no other physical signs. The fundi are normal (it is very easy to find minor degrees of retinal arteriosclerosis, since the signs have a huge observer error). The heart is normal, and the urine is normal. At this (Byrom, 1937) , by x-irradiation (Russell, Wilson, and Tansley, 1949) (Quincke, 1910 ; Larsson, 1923 McAlpine, 1932 Shelburne, Blain, and O'Hare, 1932 Pickering, 1934 Byrom's (1963) beautiful observations on the eye and brain in experimental hypertension in the rat, to be considered in the next section. Pears and Pickering (1960) showed that neuroretinopathy simulating that of malignant hypertension occurred after severe gastrointestinal bleeding; the exudates often made their first appearance 24 hours or more after exsanguination; they cleared in a few weeks after bleeding stopped and blood was replaced ; histologically they resembled the exudates of malignant hypertension (Ashton, Pears, and Pickering, 1961) and adjacent arteries and veins were histologically normal. Ashton and Henkind (1965) have injected minute glass bands into the retinal arteries in animals. Cotton-wool exudates appear after one or two days and subside in two to three weeks. Thus there is clear evidence that cotton-wool exudates can, and do, develop as a result of focal ischaemia, or possibly anoxia.
Taken together, these observations suggest that the exudates represent areas in which protein-rich fluid has leaked out of vessels which have been damaged by some process, and, in the particular instance of 'malignant hypertension, by either the high pressure or the excessive vascular constriction associated with it. Papilloedema may be due to raised intracranial pressure as a consequence of similar changes in the cerebral circulation. The small white exudates of arteriosclerotic retinopathy are clearly of a different nature and probably of a different origin, perhaps small infarcts.
Hypertensive Fits
Hypertensive encephalopathy, like other long words, is often used imprecisely, and is therefore a term better avoided by (Jellinek et al., 1964) .
Byrom (1954, 1960) (Pickering, 1955) . The evidence now strongly suggests that it is in some way a consequence of a very severe hypertension. Thus, Wilson and Pickering (1938) found it only in rabbits with the highest arterial pressures, and with the same distribution as in man except for its absence from the kidney whose renal artery was clamped. Wilson and Byrom (1939) found that severe hypertension could be produced in rats by constricting one renal artery only; in such rats arteriolar necroses were found in the kidney whose renal artery was intact, but not in the one whose renal artery was clamped. Byrom and Dodson (1948) produced it by suddenly injecting saline into the aorta of rats; occluding the renal artery by a tape during the injection prevented it. Byrom (1963) has also produced it in rats by intravenous angiotensin in doses sufficient to raise arterial pressure greatly; the arteries show little change immediately afterwards but show medial necrosis with little fibrinoid 24 hours later.
Byrom and Dodson's results were not replicated by Schaffenburg and Goldblatt (1957) but were by Masson, Corcoran, and Page (1959) , who also showed that hydrallazine, an antihypertensive agent, would prevent necrosis or induce its healing. Allison, Blehan, Brown, Robb-Smith, Russell, and I (unpublished) The clues came quite unexpectedly from a study of the cerebrospinal-fluid pressure in man and the examination of the tissues of rabbits in which hypertension had been produced by clipping a renal artery. I have told this story before (Pickering, 1942 (Pickering, , 1952 . These studies on the pathological and clinical sine qua non of the malignant phase suggested that it was the intensity of the hypertension that determined the onset and course of the malignant phase, which represented a ceiling, so to speak, to elevated arterial pressure.
This explanation, which these facts suggested to Fishberg (1939) and to me (Pickering, 1942) , at once explained the homogeneity of the clinical picture, the higher levels of pressure usual in the malignant phase which Volhard (1931) had first noted and the fact, noted by Derow and Altschule (1935) , that the malignant phase can occur in any kind of hypertension provided it is sufficiently severe. I myself have seen it in every kind except Conn's syndrome (in which it is described by Brown et al., 1964) and coarctation of the aorta.
The experimental evidence relating to fibrinoid necrosis of arteries has already been set out. However, the decisive evidence comes from man.
Evidence from Man
One of the most important tests of a hypothesis is the extent to which predictions from it accord with reality.
If the malignant phase is essentially a manifestation of a very severe hypertension, then it should be possible to reverse it by reducing the arterial pressure. The neuroretinopathy should disappear, the arterial and arteriolar lesions should be halted. The course, from being progressively downhill, should become stabilized. Whether or not this happens will also depend on the extent of damage already done to the arteries and arterioles, particularly in the kidneys. This prediction has been fulfilled. Fig. 10 shows survival rates (estimated from life tables) in five series of unselected patients with malignant hypertension treated by chemotherapy. The heavy shaded area encloses the survival of untreated, unselected series. Light shading indicates the area included by the addition of Schottstaedt and Sokolow's (1953) series of untreated patients with normal renal function. This figure shows clearly the improvement wrought by antihypertensive drugs.
Two of the larger series may be cited. Dustan et al. (1958) Hyalinization and fibrosis were found in renal arteries and arterioles instead of fibrinoid. In four cases there was rapid deterioration in spite of normal or only slightly elevated blood urea. These patients showed conspicuous narrowing of the interlobular arteries with incomplete infarctions of the kidneys.
As has been reviewed elsewhere (Rosenheim, 1954 ; Pickering, 1955 Edwards, 1958) .
Third, the malignant phase is very rare in coarctation of the aorta, and fibrinoid has not been described in its usual situation. But after repair of coarctation, fibrinoid deposits may occur in the arteries distal to it (Lendrum, 1955 ; Benson and Sealy, 1956; Hurt and Hanbury, 1957; Reid and Dallachy, 1958 (Asscher, Wilson, and Anson, 1961; McMichael, 1961) . Finally, the variability of arterial pressure during the 24 hours has been noted and the unlikelihood of a single casual reading being fully representative of the whole behaviour. Every series of 15 or more cases which has been investigated since Volhard (1931) has shown that arterial pressure tends to be higher in those with the malignant phase than in those with the benign (Pickering, Cranston, and Pears, 1961) .
In view of all these considerations, no more could reasonably be expected if the hypothesis were true. A second difficulty has been the occasional patient in whom hypotensive therapy is instituted and in whom the retinopathy clears without any fall in arterial pressure being measured. In view of what has been said about the variability of arterial pressure, such exceptional cases carry very little weight as against the vast amount of evidence suggesting that, in general, fall of arterial pressure is associated with benefit and lack of control of arterial pressure with failure to affect the course of the disease. It is possible that, were records available throughout the day and night, the pressure would have been observed to fall with therapy, even though an occasional casual pressure had failed to reveal this. Finally, cases have been cited, notably by Perera, in which retinopathy and renal failure progress even though the arterial pressure has fallen or has never been appreciably raised. Unfortunately, such cases fail to carry conviction, since other diseases, such as polyarteritis nodosa and disseminated lupus, were not excluded by the usual tests and post-mortem evidence. As we have already seen, arterial pressures above 140 mm. systolic occur in over half the population in their sixth decade. Neuroretinopathy associated with a mild elevation of arterial pressure is most frequently due to one of the collagen diseases, more rarely to bleeding, bacterial endocarditis, or temporal arteritis. These must be excluded before malignant hypertension is proved.
Treatment
Controversy is the life-blood of science, and no one welcomes it more than I do so long as the patient's interests are not sacrificed. The corollary of the hypothesis just considered is that malignant hypertension is a medical emergency which demands reduction of arterial pressure-not to-morrow or next week, but now. Unfortunately, the cynics who think that the malig- [The conclusion of this lecture, together with a list of references, will appear next week.]
